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Background: Socioeconomic inequalities in child mortality are known to exist; however the trends in these inequalities have not been well examined. This study examines the trends in child mortality inequality between 1981 and 1999 against the background of the rapid and dramatic social and economic restructuring in New Zealand during this time period. Methods: Record linkage studies of census and mortality records of all New Zealand children aged 0-14 years on census night 1981, 1986, 1991, 1996 , each followed up for three years for mortality between ages 1-14 years. Socioeconomic position was measured using maternal education, household income, and highest occupational class in the household. Standardised mortality rates, rate ratios, and rates differences as well as regression based measures of inequality were calculated. Results: Mortality in all socioeconomic groups fell between 1981 and 1999. Socioeconomic inequality in child mortality existed by all measures of socioeconomic position, however only trends by income suggested a change over time: the relative index of inequality increased from 1.5 in 1981-84 to 1.8 in 1996-99 (p trend 0.06), but absolute inequality remained stable (slope index of inequality 15/100 000 in 1981-84 and 14/100 000 in 1996-99. Conclusions: Dramatic changes in income in New Zealand possibly translated into increasing relative inequality in child mortality by income, but not by education or occupational class. The a priori hypothesis that socioeconomic inequalities in child mortality would have increased in New Zealand during a period of rapid structural reform and widening income inequalities was only partly supported.
T he existence of socioeconomic inequalities in child mortality is confirmed by most studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] However, temporal trends in socioeconomic inequalities in child mortality remain largely unquantified. Some studies have suggested an increase in inequalities in all cause mortality over time, 2 15 one found a decline, 16 and some found different trends by sex. 8 17 Many of these studies have methodological problems. For example, being susceptible to the ecological fallacy, 16 or to differential misclassification of socioeconomic position (SEP) over time because of use of area based measures of SEP, 15 17 failing to use methodology that adjusts for changing socioeconomic group size over time, 2 18 or being susceptible to numerator-denominator bias. 2 New Zealand is of particular interest in the context of trends in inequalities in child mortality. It underwent a significant period of economic and social restructuring through the 1980s and 1990s, similar to but more extensive than the (neo-liberal) changes that many other OECD countries experienced. 19 20 There is evidence that the distribution of social determinants of child health has changed over this period (see table 1 ). Despite these changes, child mortality has continued to fall, from 42/100 000 in 1980 to 24.6/100 000 in 2000 in 1-14 year olds (New Zealand Health Information Service), although it remains high by OECD standards. 21 In contrast child health has deteriorated over this period by some measures, for example, there was an increase in avoidable hospital admissions and infectious disease admissions. 22 23 There is reason to hypothesise that socioeconomic inequalities in child mortality may have increased over this time period. Socioeconomic inequalities in adult mortality in relative terms increased in most developed countries, including New Zealand, over the 1980s and 1990s. 17 28 29 If social and economic changes have an impact on inequalities in health, then it is plausible that inequalities in child mortality will respond more rapidly than inequalities in adult mortality. Why? Because there is less elapsed time in the life of a child for life course influences on health to have accumulated (putting aside intergenerational influences), perhaps increasing the ability to detect the recent impacts of changing socioeconomic conditions. Furthermore, the effects of health selection (that is, poor health causing a change in socioeconomic position, thereby inducing a (partly) spurious association of socioeconomic position and health) are largely removed as most child deaths are attributable to injury and the socioeconomic measures are based on parental characteristics. However, the specific mechanisms by which macro level social and economic policy changes could translate into changing child mortality inequalities are not clear. Research suggests that political ideology (and therefore policy) is related to social inequalities and levels of health/mortality. 30 Additionally there is increasing evidence of the detrimental effects of economic and social upheaval on adult and child health. 31 32 However, there are few, if any, studies that have tried to directly link policy changes at the macro level with changes in socioeconomic inequalities in child mortality at the individual level.
METHODS
The data in this study came from the New Zealand census mortality study. Four population cohorts were constructed by anonymously and probabilistically linking individual census and mortality records over four time periods from 1981 to 1996. 33 34 The New Zealand Health Information Service provided mortality data for 0-14 year olds for the periods 1981-84, 1986-89, 1991-94, and 1996-99. Four cohorts were created, following up children aged 0-14 years on census night for three years, with analysis being conducted on those deaths that occurred in children aged 1-14 years. (Note that this study is not well suited to the study of infant mortality as it is a closed cohort.)
The percentage of eligible mortality records linked ranged from 66% to 71%, and the positive predictive value of the linkage was in excess of 96%. 35 36 Linkage varied by age, rurality, ethnicity, and small area deprivation, so linkage weights were applied to overcome any potential misclassification bias of mortality outcome caused by differential success of linkage. 35 For example if 20 of 30 deaths in one cell were linked then the weights applied to those deaths that were linked was 30/20 = 1.5. The weights were calculated in multiple small cells and then the non-linked census respondents were weighted down slightly to ensure that the total weighted number of children in the cohorts equalled the census night population.
To be included in the analysis children must have been at their usual residence on census night, which had to be a private dwelling. All family types were included in the analysis, however an adult over the age of 16, who was also in their usual residence, had to be present on census night. These restrictions resulted in the exclusion of 7%-9% of children in each cohort.
The ''exposure'', socioeconomic position, was measured at the household and parental level. Three different measures of socioeconomic position were used. When income was available on all adults in the house, it was collated and equivalised for household size using the New Zealand specific Jensen equivalisation index. 38 Incomes on households with children were consumer price index adjusted to 1996 and then attached to each child in the household. All children were ranked based on income and then divided into three equal sized income groups, with cut points of low (,$20 600), medium (>$20 600 to ($33 000), and high (.$33 000) for calculation of the standardised rates.
Maternal education was classified using an intercensal classification of educational qualifications: no qualifications, school qualifications, and post-school qualifications. 34 The determination of the child's mother was probabilistic, as family relationships within a household were not recorded in all censuses. This was performed by identifying the woman in the household who was between 15 and 45 years older than the oldest and youngest children. The variable was tested against the 1986 cohort, in which family relationships were identified, resulting in a sensitivity of 93%, specificity of 71%, and positive predictive value of 96%.
The highest occupational class in the household was coded using the New Zealand specific Elley Irving occupational ranking. Standardised rates, rate ratios, rate differences, and 95% confidence intervals were calculated across levels of the socioeconomic factors, 40 using the age and ethnic group composition of the 1991 NZ census population as the external standard. Results were standardised by ethnicity, as: ethnicity is a strong determinant of socioeconomic position; ethnicity is also a strong determinant of health independent of socioeconomic position; and the ethnic composition of New Zealand children changed over this period. The number of children identified as Maori or Pacific increased by 20.7% and 45% respectively, compared with a 13% decline in nonMaori/non-Pacific children between 1981 and 1999. Results are presented for both sexes together to maximise statistical power and because it is not possible for sex to confound the relation between socioeconomic position and child mortality-that is, while sex predicts child mortality it is not Medium income High income Figure 1 All cause standardised mortality rates of children aged 1-14 by income, education, and occupational class 1981-1999.
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associated with household measures of socioeconomic position.
To overcome the problem of changing socioeconomic group size over time, the relative and slope indices of inequality (RII and SII, respectively) were used to calculate population inequality in relative and absolute terms, respectively, in each cohort. 41 The RII is equivalent to a relative risk measure for the poorest compared with the richest (or people with lowest compared with highest educational qualification or class), but uses mortality rates across all levels of income (and education or class) using regression. The SII is the absolute difference in mortality rates between the two extreme ends of the socioeconomic continuum. To increase the accuracy of the RIIs and SIIs we used five level groupings of income and education (that is, quintiles), and a four level grouping of occupational class, in the underlying regression models.
The programme of work of the New Zealand census mortality study has approval from the Wellington Ethics Committee (reference number 98/7). Table 2 shows the number of deaths and person time in each cohort. Between 1981 and 1999 there was a change in the distribution of education and occupational class. Standardised mortality rates are shown in figure 1 and table 2. Mortality declined in all groups, but socioeconomic differences in child mortality existed during all cohorts and for all socioeconomic factors (except education and occupational class in 1986-89).
RESULTS
Mortality in all income groups declined from 1981-84 to 1996-99, although more in the high income group (41%, p trend 0.03) than the middle (26% p trend 0.08) and low income groups (35% p trend 0.03). Trends in mortality inequality by income are seen in table 3. These show an increase in the relative index of inequality from 1.5 to 1.8 between 1981-84 and 1996-99, which is of borderline significance (p trend 0.06). There is also overlap of the confidence intervals of these values. There was little, if any change, in absolute inequality over time as measured by the slope index of inequality.
Mortality rates declined in the no qualification and school qualification groups, but showed some variation in the postschool qualification group (possibly because of the small numbers of children in this group in the earlier cohorts). The effect measures show the presence of both relative and absolute inequality in child mortality in all cohorts, except 1986-89, but there is no clear trend over time.
The occupational class groups also each showed a decline in mortality. There was weaker evidence of mortality gradients within occupational class and the 95% confidence interval of the rate ratio only excluded 1.0 in 1991-94. However the RII and SII, which take into account the changing group size and use a greater number of groups, are more suggestive of mortality gradients by occupational class. There was no clear trend in mortality inequality by occupational class over time.
DISCUSSION
Mortality rates decreased for children in all socioeconomic groups between 1981-84 and 1996-99. However, socioeconomic gradients in mortality were present in most cohorts and by most measures of socioeconomic position. These results are suggestive (but not incontrovertibly) of an increase in relative (but not absolute) child mortality differences by income in New Zealand between 1981-84 and 1996-99. However, by maternal education and parental occupational class there was no clear trend in socioeconomic inequalities in child mortality.
A strength of this study, in relation to previous studies looking at trends in child mortality, is the use of direct measurement of a child's socioeconomic position by individual and household census data-not the reliance on neighbourhood or ecological measures of socioeconomic position. Only one other study of child mortality inequalities What is already known?
N Socioeconomic inequalities in child mortality exist in many countries for most causes of death.
N There is increasing evidence that in developed countries adult socioeconomic inequalities are increasing, but trends over time in child inequalities remain unclear.
N New Zealand has experienced significant social and economic upheaval over the 1980s and 1990s, which directly affected the social determinants of child health, particularly household income.
N Overall child mortality rates fell during the 1980s and 1990s in New Zealand, but trends in socioeconomic inequalities in child mortality are unknown.
has access to such individual or household level data, and that compared much earlier time periods in Sweden (1961-66 with 1981-86). 8 Secondly, the four cohorts used in the comparisons over time were essentially identical with regard to study design. Thirdly, we adjusted for the changing distribution of socioeconomic factors over time using the relative and slope indices of inequality.
Despite using an entire population study sample there were not many deaths in this age range (744 in the 1981-84 cohort, 648, 537, and 537 respectively in the subsequent cohorts). The small number of deaths led to wide confidence intervals around the effect measures, making the interpretation of trends more difficult. The small number of deaths in the cohorts also precluded analysis of trends by subgroup (for example, by ethnicity). This is unfortunate, as there is evidence that the social and economic reforms experienced were differential in their impact on ethnic groupings of children. For example, income declined more in Maori families compared with non-Maori. 24 Analyses by specific cause of death will be presented in another paper, however the overall trends presented in this paper are similar to those for unintentional injury deaths-the most common cause of death.
Our analyses are based on weighted numbers of deaths to adjust for any linkage bias during the formation of the cohorts. Workings presented elsewhere for adult mortality suggest these weights work well. 35 To further ensure that these weights worked for children we performed checks and made adjustments specific for causes of child mortality, hence we are confident the results presented in this paper for children are not substantially distorted by linkage bias.
The decline in child mortality in all socioeconomic groups between 1981 and 1984 and 1996 to 1999 despite the (largely unfavourable) changes to social determinants of health illustrates that there are other determinants and/or buffers of child mortality. For example, while injury mortality rates fell between 1981 and 1999, this was not mirrored in hospitalisation rates, which may have increased slightly. 42 43 This paradox may reflect improvements in trauma care of children-that is, the health system acting as a barrier between risk factors for injury (which may include social determinants) and mortality outcome. There is some international evidence suggesting that healthcare systems can partially ameliorate the effect of social inequalities, at least for infant mortality. 44 Societal changes resulting in decreased exposure to ''risk'' activities, such as fewer children cycling or walking to school, may also influence mortality. In addition public health interventions, such as immunisation and injury prevention, may also contribute to declining child mortality.
This study has shown evidence that despite these secular falls in mortality, socioeconomic disparities exist at all points in time by education, income, and (less convincingly) occupational class. The lack of consistency in trends by these socioeconomic variables is perhaps surprising. However, there are a number of theoretical and practical reasons that might explain why an increase in inequalities in child mortality was only seen by income, even if it was a more modest effect than might have been anticipated and only for relative inequalities. From a theoretical perspective changes in child mortality inequalities might be expected to centre on income if income was the major axis of change of inequality. Table 1 illustrates the pronounced deterioration in all domains of income over this time period, although whether it was the primary axis of inequality is debatable. In addition social and economic change may result in a more immediate alteration in income in comparison with educational status, which is fixed earlier in life. Finally for pragmatic reasons income may be a more consistent measure of socioeconomic position over the time period studied, as it was more stable in social meaning and comparable because of consumer price index adjustment as well as having more levels across which to assess inequality.
Regarding the lack of temporal changes in child mortality inequality seen by maternal education, it is possible that the methods used to create the maternal education variable in this study introduced misclassification that obscured any trends over time. However, using a ''dominant'' approach to education (that is, highest in the house) the same findings were noted (data not presented). A possible explanation for the inconsistent findings lies in the dramatic reshuffle of the education system in the past 20 years in New Zealand, which has resulted in a large increase in school and post-school qualifications in younger age groups, whose children are in this study. It is possible that the increasing homogeneity of educational qualifications over the time period studied means that this is a less discerning measure of inequality than income. Although there is some evidence to suggest that, at least in Norway for infant mortality, mothers with no formal qualifications are a more marginalised group than previously, resulting in an increase in relative inequality. 45 With regards to the findings by occupational class there are a number of important points to highlight. Firstly, occupational class appears to be less important than labour force status as a determinant of child mortality in New Zealand. This is supported by the higher mortality rates seen in the non-labour force group and the weak evidence of occupational class gradients (the 95% confidence intervals included 1 in all cohorts except 1991-94). The linked nature of these What this study adds N Relative inequalities in child mortality by income increased from 1981-84 to 1996-99, although the change was of borderline statistical significance. Conversely, absolute inequalities were stable or even decreasing slightly over time.
N Inequalities in child mortality by maternal education and highest occupational class of the household were unstable over the 1980s and 1990s, with no clear trend.
N Reasons why relative inequalities in child mortality may have increased only by income include: income being the dominant axis of increasing socioeconomic inequalities for children; a shorter time lag between income and mortality risk as compared with class and maternal education; better measurement of income as compared with class and education.
N The diversity of trends by the different measures of socioeconomic position suggests that no one measure should be used in isolation when studying time trends.
N The theoretical and physical links between policy changes and changes in child mortality inequalities need to be explored further.
Policy implications
Policy makers need to consider inequalities in child mortality, not just adult mortality, when designing and implementing policies that have an impact on the socioeconomic determinants of health-particularly income distribution. data allows us to establish that the non-labour force group in this study consists largely of children who live in single parent households, where no parent was active in the labour force (at least as it is formally defined). Previous analyses of NZCMS data have shown that this excess mortality in single parent households is attributable to low income, rather than the nature of the household. 1 Given the increase in the number of single parent households over time this has important implications for policy makers.
Secondly, the increasing number of children with parents in this non-active group means that the trends by occupational class are inherently inaccurate. This study shows an almost doubling in the proportionate size of this non-labour force group between 1981-84 and 1996-99, and measures of trends in inequality by occupational class only use data from children within the occupational group. In adults exclusion of the economically inactive is estimated to underestimate the social class gradient by 25% for men and 60% for women. 46 The exclusion of this group of children with the highest risk of mortality and the progressive increase in the size of this group would suggest that occupational class might not be an appropriate variable to be monitoring temporal trends in socioeconomic inequalities in child mortality in a population.
In theory, selection of a measure of socioeconomic position should be based on prior conceptualisation of the pathways between socioeconomic position and the health outcome of interest. 47 Although pragmatism often prevails in selection of a measure of socioeconomic position, the differing trends and inherent problems within each measure of socioeconomic position in this study suggest that to adequately monitor socioeconomic inequalities in child mortality, measurement of multiple dimensions of socioeconomic position is required.
Considering the increase in relative inequalities in mortality by income, there are innumerable pathways by which changes in social determinants in child mortality may have acted. For example, it is possible that decreases in absolute income could place children in injury promoting environments (that is, unsafe cars, unfenced section, and unsupervised playing on streets). However, while specific pathways offer explanations, socioeconomic gradients occur in multiple causes of child mortality. 6 8 Explanations of changes in inequalities in mortality must both encompass the underlying universal process and the micro-level pathways to each of these diverse causes of death and ill health. This explanation and theory is where ongoing efforts need to be focused.
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